Introduction
Regeneration of the lost periodontal structure has been a challenging task in the current scenario. Modern dentistry has dealt with the replacement of missing teeth and surrounding structures with synthetic materials by treating with the patient's own tissues, autogenic grafts, or synthetic substitute (Crubezy E [1] ,1998). Due to various drawbacks such as risk of failure, damage to the donor site and poor tissue acceptability, diffentetial tissue response, the use of stem cells for periodontal regeneration is the current emerging trend.
II. Role of Stem Cells In Periodontal Regeneration
Periodontal regeneration aims at complete restoration of lost tissues and their original architecture and function by recapitulating the crucial wound healing events associated with their during development. This entails the reformation of all components of the periodontium-periodontal ligament, gingival connective tissue, cementum and alveolar bone (Shalini H [2] .2013). With advances in stem cell biology and tissue engineering, the concept of periodontal regeneration is made possible. The idea is to cultivate stem cells with odontogenic induction cells through epithelial mesenchymal interactions, thereby programming the stem cells to adapt to dental cell lineages and with the help of scaffold matrix to become a part of the tooth.
III. Development of a tooth (Orban [3], 2007)
In order to understand how tooth regeneration should be induced, a deep knowledge of a normal tooth development is always a pre requisite. Development of tooth results from interaction of the epithelium derived from first arch and ectomesenchymal cells derived from the neural crest cells. The dental lamina serves as the primordium for the ectodermal portion of the deciduous teeth. Later during the development of jaw, the permanent molars arise directly from the distal extension of the dental lamina.
At certain points along the dental lamina, ectodermal cells multiply more rapidly to form knob like structure that grow into the underlying mesenchyme. These represent the beginning of the enamel organ of the tooth bud of deciduous tooth. As cells proliferate, the enamel organ takes on a shape that resembles a cap. On the inside of the cap, the ectomesenchymal cells increase in number. The tissue appears more dense than the surrounding mesenchyme and represent the beginning of the dental papilla. Surrounding the combined enamel organ and dental papilla, the dental sac or the dental follicle forms. Thus the tooth germ consists of ectodermal component-enamel organ and the ectomesenchymal component-the dental papilla and the dental follicle. The enamel is formed from the enamel organ, dentin and pulp from the dental papilla, cementum, periodontal ligament and alveolar bone from the dental follicle.
As this development takes place, the dental papilla deepens until the enamel organ assumes the shape of a bell. The dental lamina becomes longer and thinner and finally breaks up and the tooth bud loses its connection with the epithelium of the primitive oral cavity.
As the tooth development proceeds through the differentiation stages, dental mesenchyme derived odontoblasts differentiate and elaborate the dentin matrix and the epithelial cell derived ameloblasts secrete enamel matrix. After the tooth crown has formed, root structures develop from the rudimentary hertwig's epithelial root sheath forming dentin, cementum, periodontal ligament, alveolar bone. In naturally formed teeth, the enamel exhibits no regenerative properties while the remaining tissues all of which are formed from neural crest derived ectomesenchyme exhibit regenerative capacity, partially related to the existence of stem cells
IV.
History of stem cells 
V. Stem cells and their characteristics
Stem cells are unspecialized cells (Blau HM, Brazelton R, Weimann JM [7] , 2001) with an extraordinary ability to self -renew, capable of differentiating into one or more specialized cell types playing a crucial role in hemostasis and tissue repair (Nadig RR [8] 
, 2009).
A stem cell has the property of 'self renewal' I.e., when a stem cell is called into action, it undegoes cell division. One daughter cell remains a stem cell, while the other becomes more committed forming a particular cell type called 'committed progenitor' by a process called 'asymmetric division'. A progenitor cell is an intermediate cell type formed before it achieves a fully differentiated state. It is regarded as committed to differentiating along a particular cellular developmental pathway.
Characteristics:(Rodriguez-Lozano FJ et al.[9], 2012)
• Totipotency-generates all types of cells including germ cells. They are derived from the first few divisions of fertilized egg. These cells can divide into embryonic and extra embryonic cell types.
• Pluripotency-can give rise to every cell of an organism except its extraembryonic tissues such as placenta. This restricts pluripotent stem cells from developing into full organism. Eg., embryonic stem cells, induced pluripotent stem cells.
• Multipotency-these stem cells are adult stem cells which only generate specific lineages of cells. Eg., hematopoietic stem cells.
• Self renewal-divides without differentiation and creates everlasting supply.
• Plasticity-mesenchymal stem cells have plasticity and can undergo differentiation. The trigger for plasticity are stress or tissue injury which upregulates the stem cells and releases chemoattractants and growth factors.
• Clonogenicity-a stem cell is thought to be clonogenic when it can proliferate to form colony of cells.
VI.
Types of stem cells Though these stem cells have various odontogenic properties, a proper interaction between these cells and the host tissue is necessary for successful periodontal regeneration. This can be accomplished by by ensuring a proper interaction between these cells, growth factors and a scaffold by the process of tissue engineering.
IX. Tissue engineering

NUTRIENTS
Tissue engineering is an interdisciplinary field of study that applies the principles of engineering to biology and medicine towards the development of biological substitutes that restore, maintain and improve tissue function or a whole organ (Langer and Vacanti [37] , 1993). The emerging discipline of tissue engineering and regenerative medicine endeavors to use a rational approach based on morphogenetic signals for tissue induction, responding stem/progenitor cells and the scaffold to maintain and preserve microenvironment.
Stem cell source
Mesenchymal dental stem cells are the major cell source. They are multipotent cells that proliferate extensively, can be safely cryopreserved, possess immunosuppressive properties and express mesenchymal markers. MDSC's can be isolated using explant cultures or enzymatic digestion. Autologous stem cells are ideally suited for a patient as there is no risk of immune rejection, least expensive and avoids legal and ethical concerns
Signalling molecules
Growth factors and signaling molecules have the ability to stimulate cellular proliferation and cellular differentiation. The two important families of growth factors that play a vital role are TGF-β and BMP's (Smith
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AJ [38] , 1998 and Smith AJ, Murray PE [39] , 2001). BMP's are used sequentially and repeated throughout embryonic tooth development, initiation, morphogenesis, cytodifferentiation and matrix secretion.
Scaffolds
The scaffold should be biocompatible, non toxic and have optimal physical and mechanical properties. They should be highly porous to facilitate cell seeding and diffusion of nutrients. The scaffolds provide structural integrity and eventually breakdown leaving the newly formed tissue.
The materials used for scaffolds include both synthetic and natural. Natural materials include collagen, alginate, agarose (Hutmacher DW [40] 
X. Induced Pluripotent Stem cells (iPS) -a recent development
Somatic cells cannot always be derived from the same patient for use in autologous transplantation. Another concern is the limited replicative potential of these cells. To overcome these issues, increasing attention has been paid to the potential use of pluripotent cells for cell based regenerative medicine. Human embryonic stem cell represents the gold standard source of pluripotent cells. They can self renew indefinitely in culture without losing their capacity to differentiate. Yamanake and Takahashi [45] However, there are several limitations. Reprogramming process appears to be stochastic and incomplete reprogramming can result in iPS cell lines with some 'epigenetic memory' of their tissue of origin. Further, rapid cell division makes it more susceptible to replication-induced DNA mutation. Robust directed differentiation of pluripotent cells into the desired functional effector cell type is prerequisite for successful cell based therapy.
XI. MSC niche
The stem cell niche concept was proved by Schofield [47] (1978) as a specialized microenvironment needed for cells to retain their 'stemness'. It is considered as a fixed compartment of a three dimensional structure containing elements that participate in the regulation of stem cell proliferation, control the fate of stem cell progeny, and prevent the stem cells from exhaustion and death (Scadden [48] 
XII.
Potential applications: • Periodontal regeneration • Implant site preparation • Maxillary sinus lift procedure • 3 walled bony defects • Bio root formation
Periodontal Regeneration
Due to complex structure of periodontium, its complete regeneration has always remained a challenge. MSC's can regenerate new cementum, alveolar bone and periodontal ligament. Further periodontal ligament cells cultured in vitro where successfully reimplanted into periodontal defects. PDLSC's and DFSC's have become an alternative cell source for periodontal regenerate therapy.
Masako Miura and Songtao Shi [53] (2004) investigated the notion that human PDL contains stem cells that could be used to regenerate periodontal tissue. They isolated PDLSCs by single colony selection and various other analyses and transplanted them into immunocompromised mice to assess the capacity for tissue regeneration and repair. Under defined culture conditions,PDLSCs differentiated into cementoblast like cells, adipocytes and collagen forming cells. 12.2 Implant site preparation Stem cells can be used as an alternative for autogenous bone grafts. Use of stem cells prevents the damage to the donor site which is caused due to harvesting of autogenous bone graft. SHED and DPSC has osteoinductive capacity thus can differentiate into osteoblasts and can promote bone formation.
A study was conducted by Yamada Y, Ueda M, Naiki T [54] (2004) to regenerate bone in a significant osseous defect with minimal invasiveness and good plasticity. They used a combination of platelet rich plasma as an autologous scaffold with MSCs to increase osteogenesis. At 8 weeks, newly formed bone areas was 67.3 ± 2.06 %
Maxillary Sinus Lift Procedure
Use of stem cells can reduce the morbidity (Mao JJ [55] , 2008) introduced by a second surgical site while maintaining equally good implant success rate. A study was conducted by Yadollah Soleymani et al. [56] , 2008, to augment the maxillary sinus using human mesenchymal stem cells loaded into a tricalcium phosphate/ hydroxyapaite scaffold. All patients in the study had less than 3mm initial bone height in posterior maxilla. MSCs were cultured from bone marrow aspirate for each patient. Three months after sinus elevation, the secondary bone height was measured. Mean bone regenerate was 41.34%.
Three Walled bony Defects
Autologous bone grafts are considered as the best option but it has limited donor sites Bone tissue engineering endeavours to repair large bone losses using three dimentional scaffolds to deliver vital cells to the defective sites. Stem cells are placed on a macroporous hydroxyapatite scaffolds and implanted at the site of defect. Periodic review revealed abundant callus formation.
A recent report on a minipig model has shown that periodontal defects may be repaired using PDLSCs (Liu et al. [57] , 2008). This PDLSC mediated treatment resulted in regeneration of PDL and recovery of the heights of alveolar bone
Bio root Formation
SCAP and PDLSC are currently extensively studied for bio root engineering. Dentin structure regeneration was observed but not enamel. Thus regeneration of whole tooth structure was not achieved in many cases. Thus instead of attempting to form an entire tooth, Sonoyama et al (2006) demonstrated that by using SCAP along with PDLSC's they were able to generate a bioroot with periodontal ligament tissues. A mini swine model was used and the autologous SCAP and PDLSCs were then loaded onto HA/TCP and gel foam scaffolds,respectively and reimplanted into the sockets.three months later, the bioroot was formed in the porcine jaw . The bioroot structure comprised dentin randomly deposited by the SCAP. The bioroot was encircled with periodontal ligament tissue and appeared to have normal relationship with surrounding bone. However the presence of residual HA in the newly regenerated dentin formed a structure different from that of normal dentin. This leads to a reduced mechanical strength of the bioroot, nearly twothirds of a natural tooth.
XIII. Conclusion
Mesenchymal dental stem cells derived from teeth are easily accessible multipotent cells with the capacity to differentiate into distinct cell types. This new source of stem cells could be of benefit in cellular therapy and the eventual development of techniques for use in regenerative dentistry and degenerative diseases. It is very important to analysis the current knowledge, barriers and challenges in the clinical use of stem cells with an emphasis on application in dentistry. Although many challenges remain, stem-cell based tissue engineering for periodontal regeneration will be one of the most successful treatment modalities in near future.
